Background: Genotype distribution and prevalence of human papillomavirus (HPV) among women vary from different regions and crowds, prophylactic HPV vaccin could prevent some diseases related to HPV, which include cervical precancerous lesions and cancer. Baseline surveys prior to mass HPV vaccination are critical to determine vaccine efficacy and detect changes in HPV type after vaccination. Objective: The aim of this study is to study the HPV type-specific prevalence in 698 women with cytological abnormalities, aging from 18 to 77 years old. Additionally, the association between HPV infection and cervical disease was investigated as well. Methods: A total of 698 cervical specimens of cytological abnormalities were collected from the First Affiliated Hospital of Xinjiang Medical University. The Thinprep liquid-based cytologic test (TCT) was performed and the cytological status was classified according to Bethesda 2001. The samples were tested HPV genotype by the PCR-based hybridization gene chip assay. Results: Overall, the HPV prevalence was 54.87%, and it was shown to be age dependent, and with the decreasing and zigzag prevalence until the age of 55 years. 204 patients (53.26%) were infected with pure high-risk HPV, 139 (36.30%) with pure low-risk HPV, and 40 (10.44%) with mixed HPV types. HPV16 was the most common type (35.36%), followed by HPV58 (13.62%) and HPV52 (9.15%). In this study, 386 (55.30%) were affected by ASCUS, 11 (1.58%) by ASC-H,
Introduction
Human papillomavirus is the most common sexually transmitted pathogen in both men and women. Accumulating epidemiological evidence could support a strong association between HPV and genital warts as well as cancer of the cervix, vulva, vagina, anus, and penis. [1] [2] [3] Cervical cancer (CC) is one of the most common cancers in women. It is estimated that approximately 500,000 new cases of cervical cancer are diagnosed each year, with the mortality rate as high as 56% in developing countries. 3, 4 As the world's most populous developing country, China also faces serious disease burden caused by cervical cancer, especially in medical resource limited rural areas where more than 70% population of the country reside. 5 The crude incidence of cervical cancer was estimated to be about 8.7-11.3/100,000 in females in China, of whom 45.0% died. 6, 7 Screening results have indicated that the incidence and mortality rate of cervical cancer in women who resided in Xinjiang were 459-590/100,000 and 17.78/100,000, respectively. 8 These numbers are obviously higher than those reported of other ethnic groups.
HPV16 (4.82%), HPV52 (4.52%), and HPV58 (2.74%) represented the most prevalent high-risk HPV types of HPV infection among the general population in China. 9 In our previous study, we described that the total positive rate of HPV in normal cytology females was 14.02%, the most prevalent genotypes of women who hadn't been vaccinated were HPV 16 (3.79%), HPV 52 (2.47%), HPV 58 (1.76%), HPV 53 (1.35%) and HPV 31 (0.72%). However, there were no results about cervical cytological abnormalities in our previous study, and no good characterizations of HPV infection in women with cytological abnormalities in Xinjiang. Hence, another independent cohort including cytological abnormalities is required to confirm whether HPV-16, HPV-52, HPV-58, HPV 53 and HPV 31 were the most frequent HPV types that have a substantial impact on cervical cytological abnormalities and cervical cancer in Xinjiang's population.
A good management of CC depends on an early detection of the disease and efficient prophylactic vaccines. 10 The oncogenic potential of different HPV types highlights the importance of the detection and typing of different HPV isolates. 11 Currently, there are three prophylactic HPV vaccines available (Gardasil, Gardasil 9, and Cervarix) that are approved for use in many countries. [12] [13] [14] All three vaccines provide protection against infection with HR-HPV16 and HR-HPV18, Gardasil also includes prevention against LR-HPV6 and LR-HPV11, and the Gardasil 9 which has been approved recently makes protection further by adding five additional HR-HPV types (31, 33, 45, 52, and 58) . [12] [13] [14] Using this panel, additional 4.2%-18.3% of cervical cancers in USA and 12-19% across four countries including Brazil, Mexico, India, and China had been prevented with targeting HPV-31/HPV-33/HPV-45/HPV-52/ HPV-58. 15 WHO did not make any biased recommendation on the three vaccines, 16 believing that "there is no difference in the efficacy of HPV16/18 related cervical cancer prevention, and most cancers can be prevented". According to the epidemiological data described in the literature, it seemed that the protective effect of 9vHPV in the Asian population can only reach the global protection level of 2vHPV or 4vHPV (about 70%). Unfortunately, first, the clinical trial of 9vHPV vaccine has not been fully carried out in China. Second, its current price on the market in China is 1,298 RMB/dose nearly twice time than that in the first two vaccines, and it takes about 3,900 RMB to complete the whole vaccination, which is unattainable. 17 Two-, four-, nine-valent HPV vaccines might not be "enough." However, more HPV valence numbers do not mean the better, strong pertinence could provide effective protection.
Vaccine research and development could be more targeted only while there are sufficient epidemiological data, and the costeffectiveness of vaccination for Chinese people could be improved. Therefore, understanding the HPV type distribution is important for tailoring regional screening programs. Furthermore, describing the baseline HPV type distribution before the introduction of vaccination programs facilitates further evaluation of potential impact of HPV vaccines on people in Xinjiang .
To the best of our knowledge, epidemiological studies in Xinjiang regarding the distribution of HPV types in women with cytological abnormalities are still lacking. The purpose of this study was to confirm the description of HPV prevalence and type-specific distribution in cervical cytological abnormalities of people living in Xinjiang. Importantly, the data presented here could provide a valuable baseline for assessing the impact of the newly introduced vaccination programme in the future.
Results

HPV prevalence and age distribution
Among the 698 tested women,`the mean age of these women was 43 ± 10.71 yrs, 383 women (54.87%) were positive for at least one HPV type. The prevalence among age groups was listed in Table 1 . Overall, the HPV prevalence was age dependent, with the decreasing and zigzag prevalence until the age of 55 years. The highest prevalence of HPV was detected in women between 26 and 30 years old(65.67%), and the lowest prevalence of HPV infection (46.03%) was found in women between 51 and 55 years. The HPV infection rate increased after the age of 56, reaching 56.18%, which was close to the HPV infection rate (56.64%) of women aged 31-35. (Table 1 and Figure 1 ). Detailed analysis of the prevalence of individual HPV genotypes in the whole cohort of samples revealed that HPV16 was the most common type (35.36%), followed by HPV58 (13.62%) and HPV52 (9.15%) ( Figure 3 ). The remaining HPV types were detected in order of decreasing prevalence were HPV18 (8.30%), HPV53 (8.09%), HPV33 (4.04%), HPV56 (2.98%), HPV31 (2.77%), HPV51 (2.77%), HPV39 (2.55%), HPV66 (1.91%), HPV68 (1.49%) ( Figure 3 ). Overall, the frequencies of infections with LR-HPV were lower than the occurrence of HR-HPV infections, with the most common LR-HPV types being HPV81 (2.34%) ( Figure 3 ).
According to the results, regardless of patient age, single HPV infections were the most frequent, with the highest prevalence (84%) in women ≥56 years old. Co-infection with two or more HPV types was observed in 78 of the 383 HPVpositive samples (20.37%). Dual infections accounted for 18.02% of all positive samples, with three viruses detected in 2.35% of positive samples ( Table 2) . 19 .59% (LSIL) and 24.59% (HSIL), respectively. The prevalence of pure HR-HPV, pure LR-HPV and Mixed HPV types among HPV-positive samples diagnosed with ASC-US, ASC-H, L-SIL and H-SIL was also listed in Table 1 . HR-HPV genotypes were detected with the highest prevalence in three cytology classes (ASCUS: 66.89%, L-SIL: 77.32%, H-SIL: 51.64%) and except ASC-H group (38.46%). The positive rate of HR-HPV in SIL (63.01%, 138/219) was equivalent to that in ASC (64.63%,106/164). HPV16, HPV58, HPV52, HPV18 and HPV53 accounted for 91.38% (350/383) of all cervical cytology abnormalities. Specifically, HPV16 had the highest frequency in all classes,and the frequency of ASCUS, ASC-H, LSIL, and HSIL was 35.10%,61.54%,27.84% and 63.93%,respectively, while HPV58 was the second common type in ASC-US (17.88%) and LSIL (25.77%). Notably, HPV18 was the second common type in HSIL (22.95%) and HPV53 was the third common type in LSIL (16.49%). The distribution and proportion of the HPV genotypes in different classes of cytological abnormalities were presented in Table 3 .
Discussion
Accurate epidemiological information on HPV infections, including genotype-specific prevalence, is essential for achieving further progress in prevention, such as evaluation of potential impact of HPV vaccines, and type-specific monitoring. International research data showed that bivalent and tetravalent HPV vaccines could prevent about 70% of cervical cancer, and the nine-valent vaccine HPV type coverage rate was as high as 92%. All three vaccines were designed and verified mainly based on the epidemiological background of western populations, and the protection ratio of Asian populations was relatively lower than that of western populations. 18 Vaccine development should be supported by epidemiological data, otherwise it would be difficult to achieve the desired results. However, it should be noted that inadequate data was a unified challenge for epidemiological studies in different countries, which also brought uncertainty and risks to the effectiveness and strategies of existing vaccines in different countries. 19 Based on the cumulative percentage of HPV type prevalence in cervical cancer in China, it was predicted that the protective effect of 2vHPV and 4vHPV on cervical cancer in Chinese women was about 55.4% and 57.4%, while the protective effect of 9vHPV was about 75.4%. Both were lower than the current globally recognized rates of 71% and 90%, and also lower than the 9vHPV prediction of 87.7% protection for Asian women based on global data. 20 Notably, almost in all studies or reviews of epidemiological investigations of HPV types in China and other Asian countries, the authors have consistently called for more systematic and large-scale epidemiological studies in the future. The challenges of such research are considerable, especially for China, a country with unbalanced regional development, large population mobility and rapidly changing society. The analysis showed a study about the rate of HPV detection and type distribution in samples of women who were referred because of an abnormal TCT in Xinjiang region. As we know, this work is the first of its kind in this population.
In this study, a total of 18 HPV genotypes were found and among them HR-HPVs were 16, 18, 31, 33, 35, 39, 45 abnormalities) Overall, the prevalence of HPV in the entire group (n = 698) was 54.87% (383 of 698). This result is consistent with previous studies of similar nature conducted in some European countries that reported HPV prevalence ranging from 35.3% to 88.9% among women with cytological abnormalities. 21, 22 Variations between studies were likely to reflect the differences in population studied with respect to risk factors exposing to HPV and the methods used for analysis and triage for HPV testing by gynaecologists. 23 Age is one of the most important risk factors of HPV infection. 24 Similar to a previous report, 25 a bimodal curve for HPV prevalence versus age was also observed in our study, however, the first peak of HPV infection was 5 years later than reported in the literature. As this study was an analysis of HPV infection in women with cytological abnormalities, so the young women had positive HPV with normal cytology were not included. The second peak of HPV infection occurred after age 56. This result might because that menopausal hormones had obvious fluctuations resulting from the decline in ovarian function, and because of this, the immune response of human physiological properties was decreased with aging and the function of immune system was in a disorderly manner, and the ability to eliminate and inhibit the virus was diminished, further the susceptibility to form a persistent infection or to activate the virus during the incubation period was enhanced, and the chances to form a multiple infection increased. 26 Therefore, our findings suggested that the Chinese government, especially in resource-poor communities, should pay more attention to the population age of women older than 56 years old for cervical cancer screening and HPV genotyping.
In the present study, a spectrum of 22 genotypes were identified, with pure HR-HPV types being more frequently detected than pure LR-HPV types and mixed HPV types. Fifteen HR-HPV genotypes were detected in the sample cohort and accounted for 95.54% of HPV-positive samples, in accordance with other studies carried out in European populations. 21 HPV16 together with HPV18 were known to be responsible for approximately 70% of the cervical cancer cases worldwide. 27 The prevalence of HPV18 had been reported in other studies, ranging between 1.8% and 16.3%. 21 In agreement with the aforementioned studies, the prevalence of HPV18 in the present study was 8.30%. Furthermore, HPV-52 which was the highest type in Thai women had been reported and even was common in Asians. 28 Recently, a preliminary study suggested that the high attribution of disease to HPV-52 in Asia was due to the high prevalence of lineage B named "Asian lineage". 29 In this study, HPV52 ranked third, while the first and second was HPV16 and 58, respectively.
Our study showed that at least 20.37% of women were infected with two or three HPV genotypes, in accordance with other studies reporting the prevalence of multiple infections was in 11% to 50% of cases. 30 The popular opinion of many reports indicated that i) multiple HPV infections were associated with the grades of cervical abnormalities, and ii) the cervical cancer risk of patients who suffered from multiple HPV infections was higher than those with single HPV infection. The clinical significance of co-infection with multiple HPV genotypes remained uncertain, with some reports showing that the clearance rate in immunocompetent women was not dependent on the number of genotypes involved in the infection. 31 In this study, the multiple HPV infection rates in ASC-US, ASC-H, L-SIL and H-SIL were 18.54%, 7.69%, 19.59% and 24.59%, respectively. Hence, the incidence of multiple HPV infections indicated that multiple HPV infection was not related to the grades of cytological abnormalities.
An increasing trend in the overall prevalence of HPV infection was observed in parallel with an increase in the degree of cervical cytological abnormalities (ASCUS: 39.12%, ASC-H: 54.17%, L-SIL: 70.80%, H-SIL: 80.79%). Guan P et al. 32 reported an overall HPV prevalence was 84% and 85% in H-SIL cases in Europe and globally, respectively. Our data was similar to this result. The prevalence of HR-HPV genotypes has been reported to increase with the grade of cytological lesions in some published studies 33 but not all of them. 34 In present work, such an association was not observed, the group was classified according to pure highrisk, pure low-risk and mixed HPV infection, both of which (pure high-risk and mixed groups) substantially included high-risk HPV infection. Therefore, the distribution of highrisk HPV in cytological abnormalities was 66.89% (ASCUS), 38.45% (ASC-H), 77.32% (LSIL) and 51.64% (HSIL). The reasons for this might as follows: i) the low number of HPVpositive L-SIL and H-SIL cases that were included for analysis; ii) lacking of histopathological results to finally identify the level of cervical lesions; 35 as previously reported, almost 40% of women with an ASCUS diagnosis could be histologically confirmed as high-grade cervical neoplasia; 19 iii) the differences of the geographical environment and the selection criteria for the samples. 35 Nevertheless, HR-HPV infection still occured more frequently than LR-HPV, so the management of patients with HR-HPV infection needed to be strengthened in clinical practice. Among individual HPV types, HPV16 was the most frequently identified type in all cytological abnormalities, and the infection rate in ASCUS, ASC-H, LSIL and HSIL was 35.10%, 61.54%, 27.84% and 63.93%, respectively, confirming that HPV16 was the most frequent HPV type associated with cervical lesions, as was previously reported. 36 Due to the high carcinogenicity of HPV16 and 18, current guidelines in most countries recommend for HPV16 and/or 18 positive patients for closer monitoring and surveillance. In this study, the positive rate of HPV18 was 6.19% in LSIL and 22.95% in HSIL. George et al. 23 reported that the prevalence detected in the H-SIL group (5.3%) was followed by the ASCUS group (4.3%) and the L-SIL group (3.3%). Clifford et al. 36 showed the prevalence of HPV18 in L-SIL and H-SIL cases was 8.6% and 7% respectively. Nonetheless, it is interesting to note that the short time of progression to invasive cancer as a result of infection by HR-HPV types, such as HPV18, with or without transition through the pre-invasive cases, which might be an additional contributor to the low prevalence of HPV18 in L-SIL and H-SIL cases in some studies.
Guzalnur Abliz 8 reported that HPV-16, HPV-58, and HPV-39 were the most prevalent genotypes in Uyghur women in Karasay (a township of Hotan area in Xinjiang). However, in Guzalnur Abliz's study, there were only 40 patients with cytological abnormalities, and the author did not analyze the HPV prevalence and distribution in patients with cytological abnormalities alone, so it was not comparable with the results of our study. Yuanzhi Wang 35 showed that the most frequently observed HPV genotypes were HPV16, 53, 52, 58 and 35 in cervical histological abnormalities, there was no studies have addressed the prevalence of HPV in women with abnormal cytology in the geographical region in Xinjiang, so we can only compare the data with those from some areas of China. Patients with abnormalities on cervical cytology in Liaocheng of Shandong province had a high infection rate of HPV16, 52, 58, 33 and 18. 37 The most prevalent HPV type was HPV-16 (16.85%, 226/1341) in all of the cervical cytology abnormalities, followed by HPV-52 (9.55%, 128/1341) and HPV-58 (7.83%, 105/1341) in Shantou of Guangdong province. 38 In this study, the top five HR-HPVs were HPV16 (35.36%), HPV58 (13.62%), HPV52 (9.15%), HPV18 (8.30%) and HPV53 (8.09%). Our results were not entirely consistent with the above studies. These discrepancies might be attributed to the differences in study populations and designs as well as due to the different methodologies used for sample analysis. It is worth noting that HPV53 was a non-vaccine type, but in this study it was the most common high-risk HPV type at the top five among patients with cytological abnormalities.
The current results should be evaluated under the background of the strengths and limitations of the study. A major advantage of this study is that it provides the first estimates of the prevalence of HPV and its type-specific distribution among women from Xinjiang diagnosed with cytological abnormalities by Pap test. Certainly, the study also has limitations. First, this study is a single-center study in the context of opportunistic screening, so the sample size of cytological abnormality is relatively small. Second, these data cannot be considered regionally representative because the Xinjiang women included in the study might not be a representative sample of all the Xinjiang women living in this province.
Method and material
Study design and population
This was a retrospective and cross-sectional study composed of three kinds of participants, who proceeded to routine screening from Health Management Center, who were referred for opportunistic screening and for evaluation of HPV-associated lesions from the Outpatient and Inpatient Gynecological Department of the First Affiliated Hospital of Xinjiang Medical University from November 2013 to July 2018. Participants meeting the following criteria were included: participants who were permanent residents of Xinjiang, not pregnant, didn't have vaccinated against HPV, no undergone hysterectomy, no history of cervical surgery, and had never suffered from pelvic radiation therapy. All participants included in the study gave their written informed consent. This study was approved by First Affiliated Hospital of Xinjiang Medical University ethics committee.
Cervical specimen collection and HPV DNA extraction
In this study, Pap test based cervical specimens were collected from exfoliated cell. Cervical exfoliated cell specimens were obtained by a gynecologist as part of routine investigative procedures. Two separated cervical exfoliated cell specimens were collected independently for liquid-based cytological diagnosis and HPV DNA genotyping assays, respectively. Cervical slides were prepared using a liquid-based cytology method. Cytological classifications of disease grade were performed according to the Bethesda 2001 criteria (TBS2001), 39 including atypical squamous cells of undetermined significance (ASC-US), atypical squamous cells that couldn't exclude high-grade squamous intraepithelial lesion (ASC-H), low-grade squamous intraepithelial lesion (L-SIL), and high-grade squamous intraepithelial lesion (H-SIL). For HPV DNA extraction, exfoliated cells were stored at a specimen transport medium. The samples were placed in a cell preservation solution and stored at 2-8°C until HPV DNA extraction and genotyping could be performed. The HPV genotype testing of the samples was completed within a week.
HPV DNA extraction, PCR amplification and genotyping
Multi-asymmetrical PCR combined with general chip (Tag array) was used to detect and classify common HPV types. To extract genomic DNA of human cervical epithelial cells as a template (cell genomic DNA extraction kit, 340011, CapitalBio Corporation, China), HPV detection and genotyping were performed by Human Papillomavirus Genotyping Detection Kit (Microarray) (Crystal Core®, 340010, CapitalBio Corporation, China), a PCRbased flow-through hybridization and gene chip system. Specific primers with Tag sequences were used to amplify and fluoresce labeling the HPV genotypes, and then hybridization with generic gene chips that recognized the corresponding tag sequences, finally, the chip was scanned (LuxScanTM 10K-B Microarray chip scanner, CapitalBio Corporation, China) and the data was analyzed to obtain the results. All specific primers and operating procedures followed the manufacturer's instructions. Twenty-two type-specific probes, which recognized 18 HR-HPV genotypes (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66 , 68, 73and 82) and four LR-HPV genotypes (6, 11, 70 and 81) . HPV negative and positive controls provided in the Kit were simultaneously detected in every test.
Statistical analysis
All statistical analyses were performed with statistical software including Python version 3.6.1, R Software 3.5.1 and Excel 2011. The prevalence of HPV infection, genotype distribution, single and multiple HPV infections, pure HR, LR infection and mixed infection were analyzed separately. The chi-square test was used to compare HPV prevalence across groups. Data were considered to be statistically significant when the P value was <0.5.
Conclusions
In conclusion, this study presents the first investigation about the prevalence of HPV infection and HPV genotype distribution in Xinjiang women with abnormal cytological tests. Our results could be the baseline data and validation set, which provide the most robust available estimates of the prevalence of type-specific HPV, prior to HPV immunization in Xinjiang's population.
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